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Description 

BACKGROUND Cf THE INVENTION 

t> iS .nvention relates to oolysacchande pciymers in particular <t relates tc ^rtnan-basea Dcvsacchanae poly- 
mers ser.red here as polymers structurally similar to xanthan gu m and oroCucec zy components ~j :ne xanthan b.o- 
syntr.et.c oathway inducing non-acetyiaied non-pyruvylatea non-acetyiatec arc -.on-pyruvyiaiec cw oyruvylated 
ana f -jiiy pyruvyiatea xanthan ipentameri gums 

Xar.\han gum is produced by bacteria of the genus Xanthompnas -n part«cu'ar cy microorgar.sf s of the soec.es 
X campestns Xantnan gum is a widely usea product due so its unusual phys:ca- orooea.es ■ e ;s extremely high 
specific viscosity and its oseudopiastic.ty it is commonly used m foods as a :n-CKen,ng agent arc n secondary or 
ternary oil recovery as a mobility control and profile modification agent as wed as ,n oetroieum dr i : .r g n Ulds 

Chemically xanthan gum .s an anionic heteropolysacchande The repeating una of the pciy~w is a oentamer 
composed of five sugar moieties specifically two glucose one glucuronic ac.a ana Iwo manncse mc-er es These su^ar 
residues are arranged such that the glucose mo.et.es form the backbone of :.ne oofvmer chain war s-de cnams*ol 
mannose-glucuron.c ac.d-manncse residues generally extending from alternate giucose mo.ettes usually this base 
structure :s specifically acetylated and pyruvylated. as desenbea for example by jsnson PE Kenne . and Lmdberg 
3 -n Carbohydrate Research 45 275-252 (1975) and Meitcn ID M.not L .=ees DA ana Sanderson G R m 
Carbohydrate Research 46 245-257 . 1 975) each of whicr. is specially -ncorpcra:ed herein by reference The extent 
of acetyiat.cn and pyruvyianon .s known to vary. The structure of xanthan gum -s depicted beiow 
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In spite of the broad utility of naturally-occurring xanthan gum there are seme situations where its physical prop- 
erties become limiting. In particular, in secondary or tertiary oil recovery it is not uncommon for the temperature of the 
oil bearing reservoir and the salt concentrations in the reservoir brine to be higher than are optimal for xanthan solutions. 
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When tnese cone: crs ccojr xanthnn :an precipitate -cccuiate and.cr icse -is . 5:cs.ty '-e'e-'ce -f, ,-sccs.fy:ra 
proaucts wnicn ce" crm weii at yanous cc-ncitjons enccunterea during oil reccve r « *: .cn as tence'v ara n .iqn 
sail concentration wcuic be aesirabie . 

The present -ve^den discloses a family of xanthan-basec poiysaccr~r des -av?ng ;mcrcveo precedes -eiat-ve 
to naturaiiy-occur- r.g <anthan gum Modif. canons of xanthan gum nave been o'ev cs:y described p c example 3rad- 
shaw et a! iCarocryorate Polymers 3 2 3- 3c !i9e3», describe methods ''or ceca-ng chemically-mocked xani^an 
gum which are ceace:yiated or depyruvyiatec Various means of cnermca-'y deace:vating xanthan gu^ oroducec by 
Xanthomonas ca^oest.-is also are descried in U S Patent Nos 3 000 750 arc 3 154 6 c 9 To date sole method 
utilized tor these aeacetytation processes has been through chemical removal of T, -e acetate motettes 'rom normally 
acetylated xanthan gum it has been found that chemical processes for deacetyiatrg xanthan gums res,-* m a number 
.of unaesirable side effects and may cause hydrolysis of the glycosidic backbone resulting in an irreversible change 
in tne conformation of the molecule and lowered molecular weight 

Some of tne meosogtcai properties of deacetyiaiea xanthan m aqueous mec-a are known 3ee e z Tako and 
Nakamura Agnc 3»c Cnem 4j= 2967-2993 M96<r. ana U S Patents Nos 3 OCC "90 and 3 054 689 A so a metnod 
-5 of increasing the viscosity of an aqueous solution using a deacetyiated pciy-saccrande »s describee -.US Patent 
No 3 096 293 Tr.-js a method for obtaining non-acetyiated xanthan wh«cn aces *ct cause untowarc see effects nas 
been sought 

Xanthan gum can be chemically decyruvyiated as well as described by HczAartn anc Ogletree r Carbo Res 
76 277-260 { 1979. This chemical methoc of depyruvyiaticn aiso can alter the xa-tnan polymeric ur.i and/c cause 

^0 hydrolysis of the g»yccsidic backoone While a strain of X campestns has been descried in U S Pater: \o 4 296 203 
which produces non-pyruvyiated xanthan gum. this ncn-pyruvylated gum was e-tner fully acetylated or deactylated 
using chemical means The present inventors believe that a xanthan polysaccha' de that ;s both ncn -acetylated and 
non-pyruvyiatea will nave improved rheciogical ana viscosifying properties anc ~ave therefore soucr; sucn a gum 
along with a micrcbiai method of manufacturing it 

25 Aaditionally tne extent of acetyiaticn of the internal manncse on the xantra- side cna:n and tre extent of the 

pyruvylation pf tne termmai manncse may vary The present inventors believe tha: a 'uily acetyiatea a'z or fully pyru- 
vylated xanthan will rave improved rnecicgicai proper-. es for cena\n oil recove-y c-rposes 



JO 



SUMMARY OF 'HE NVENTlON 



An obiect of ;he c-resent invention is to provide a family of polysaccr.ance zz '.rners wnicn ^re ce::er visccs.r.ers 
of water than na:,.raiiy-ocurnng xantnan gum Another object of tne present inve^i.cn is to provide a f a—:iy of polysac- 
charide oolymers navmg improved rheciogical properties over naturally occurring xanthan gum at e<e.a;ed temcera- 
tures and/or in the presence of salts ana which members possess other desirec crcperties 

35 It is also an object of the present invention to provide an \n vitro method fcr obtaining certain of :*ese products 

and microorganisms navmg the ability to produce members of this family of polysaccharide polymers m vivo a funher 
ob|ect of the present invention is to provide processes for preparing members of this family of polysaccharides by 
aerobically fermenting microorganisms having the ability to produce the various polysaccharide polymers 

Additional objects and advantages of the invention will be set forth m part r :re description whicr f ollows and in 

JO part will be obvious from the description or may be learned by practice of the invention The objects and advantages 
may be realized and attained by means of the instrumentalities and comcinancrs oarticuiarly pomteo out in the ap- 
pended ciaims 

To further acnieve the objects and m accordance with the purposes cf tne cesent invention tne-a is provided a 
composition comprising xanthan gum wherein the mannose moieties are net acety a:ed This gum is hereinafter referred 

J 5 to as "non-acetylated xanthan " A second structure is referred to herein where the terminal mannose moieties of xanthan 
gum are not pyruvylated This gum will be referred to as "non-pyru vylated xanthan " Moreover there has been disclosed 
a gum which is neither acetylated nor pyruvylated This polymer is hereinafter -eferred to as 'non -acetylated. non- 
pyruvylated xanthan gum " Also the present invention relates to a xanthan gum rerem referred to as "fully acetylated 
xanthan gum " wherein at least 90° o of the internal mannose moieties are acetyiated preferably 95°o and more pref- 

50 erably i00°'o. are acetylated Also, the present invention relates to a xanthan gum wherein at least 90°: of the terminal 
mannose moieties preferably 95°b and more preferably 1 00% are pyruvylated rerem referred to as ' f -ily-pyruvylated 
xanthan gum " 

This invention also contemplates processes for the production of the ooiysaccnande polymers cesenbed above 
The polysaccharide polymers of this invention can be made generally by genetc manipulations of the microbial bio* 
55 synthetic pathways which lead to the production of polysaccharides. In particular microbial pathways fc the production 
of xanthan gum may be manipulated to create an in vivo or jn vitro system for the oroduction of an altered polymeric 
unit. Thus, systems can be created through the use of regulatable Acetylase and Ketalase genes in particular, to 
create polysaccharides which are acetylated or pyruvylated to varying degrees -or example it is contemplated that 
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xanihan sum .vr.icn s '0"-> 2Q''o 3C*\ :-r 50 ,: > :an be sy^es^ea 35 weti as xar.tnan whicr s*:" ; 2C \ 3C° 3 

40% =0*\- 60*o 70 or r0°o pyruvyiated Mice organisms w :~ c-roduce the present polysaccharide zo.-.mer s >n 
wo and methods cf using these polysaccharide polymers are « so disclosed 

Var.cus strains of X campesus cesc-oeo more Uily nere.rcescw rave Deen rescsitec with the American Tyne 
Cult jre Collection PockvtHe Maryianc on Marcn 2' 1986 T <-ese strains are X92 ■ X1OQ6 X934 arc X 1 23i and 
have seen deposited under Acccess;cn Nos 53472 53473 5347a ana 67344 rescectively 

it s understood that Doth the foregoing genera: aescnpt.on snc the 'oiicwmg retailed description are exemp.ary 
and explanatory oniy and are not restrictive of the invention as claimed The accompanying drawings wmch are 
incorporated in and constitute a part of tms specification illustrate various embodiments of the invention and together 
with the description serve 10 explain the principles of the invert cn 

3R1EF DESCRIPTION QF THE DRAWINGS 

FIGURE 1 depicts the presumed pathway of xarthan gum ciosyntnesis Aocreviations used are G:u-Giucose 
GluA-GLucuromc acid Man=Mannose Giu-Glu -Ceiiobtose ^ -Phosphate PP =-yrcpnosphate C55= : -soprencid Li- 
pid Carrier PEP -Phosphoenof-pyruvate AcCoA^Acetyicoenzyne A. i-V=Glycosy transferases UCP-0na:re 5'«d»- 
phosphate and GDPrGuanosme 5'-Diohcsphate 

FIGURE 2 depicts a viscosity comparison between wild-type and ncn-pyruvyiatea gums 
FiGURE 3 depicts a viscosity comcanson between ncn-aceryiated and cnemically-deaceryiated aums 
FIGURE 4 depicts the approximate physical locatton of 3 TnKi 2 insertion mutations within the cloned gum gene 
cluster DN A of recombinant plasmid pRK290-H336 This figure aiso shows the approximate locations of See l restriction 
endcnuclease cleavage sues in pRK290-H336 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in Detail to the presently preferred emoodimenis of the present invention whtcn 
together with the following examples serve to explain the pnnccies of the invention 

The polysaccharide polymers of the present invention have been described :n detail above These polysaccharide 
polymers can be produced in vitro with a cell-free enzyme system or can be procuced \n vivo by growing ceils cf an 
appropriate mutant strain Other means of orepanng trie polysacchanae polymers are also described ceicw 

In Vitro Polysaccharide Synthesis 

The basic method relating to the use of a cell-free systems to make ncn-vanant xanihan gum is described by Jeipi. 
L Couso RO andDankert MA in FEBS Letters 1 30 253-256 1 1 961) specif icaiiy incorporated herein by reference 
It has oeen found that a modified version of this method may be employed to create the variant polysaccharides of this 
invention 

For this novel, modified method, the in vitro cell-free system is prepared generally by lysmg cells of a microorganism 
of the genus Xanthomonas preferably Xanthomonas campestns in the presence of a suitable buffer preferably in- 
cluding EDTA. and obtaining the appropriate biosynthettc enzymes which are able to subsequently process exoge- 
nousiy added substrates Alternate means of lysis may be used ncluding but not limited to sonication F'ench Pressure 
ceil detergent treatment enzyme treatment and comcmations thereof 

Generally to produce the variant polysaccharides of the present invention a lysate of a microorganism possessing 
the enzymes required to assemble the aesired polysacchanae is incubated with the appropriate substrates which, 
depending on the gum desired, may include UDP-glucose GDP-mannose UDP-glucuronic acid. acetyi-CoA and pnos- 
phoenolpyruvate The choice of substrates is dependent on the polysaccharide which it is desired to produce For 
example, a non-acetylated polysaccharide is obtained by eliminating acetyl-CoA as a substrate Similarly, a non-pyru- 
vylated gum is obtained by eliminating phosphoenoipyruvate as a substrate Chemical and/or enzymatic treatment of 
the cell lysates in order to deplete endogeneous substrates will be evident to one skilled in the art. 

In addition, cell-free systems may be created from mutant organisms deficient m one or more of the enzymes of 
the xanihan biosynthetic pathway set forth in Figure 1 Such mutant-derived ceil lysates would produce the variant 
gums described herein, either due solely to the mutation or due to the mutation in combination with a withheld substrate 

The biosynthetic process may. in one embodiment be monitored by the incorporation of radiolabeled substrates 
into the polymeric units Other methods may also be used to allow identrfication of the biosynthetic intermediates that 
are known to those of ordinary skill in the art In particular chromatographic methods have been developed to separate 
and to identify the oligosaccharide intermediates These include thin layer chromatograghy and high-performance liquid 
chromatography 

The cell-free biosynthesis of xanthan has been found to be a time-dependent sequential process that is dependent 
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zn re acot.cn cf -jii'.hreesoec.fic sugar nucleotides The bac kgr- una cfr.cr -spec >Uc rcorooratsoncf ateiea Sucstrate 
5 — rjrrin' and does net «nterfe'e win the detection cf ! .he xa^irar -specie cciyme' ^ tne g^m fraction 

~n e r.voivement of lice corners specifically 'soprenoid pyrccnosphate nas beer snewn m several ociysaccnanoe 
C'CS/^-treoc oathways Adcit.cnaily the involvement of pyroohcschcryl-im^eo lipid ca-r-er m xanthan bosyntnes-s nas 
* bee'" demonstrated Thus the xanthan Dicsyntnetic mtermecia^es nave ceen ?ounc :c ce recoverable m me organic 
scude fraction wan these carrier lipids The recoverea oligosaccharide can subsequently ze freed from the carrier 
: :.c cy mno acid nydroiysis tor example pH 2 for 20 minutes at ?0 3 C and deonosphcy:ated with alkaline onosonatase 
f or analysis 

Jsmg these methods for recovery of intermediate products a has been discovered that under r. vitro conations 
; o cersin iysates of X campestns mutants will produce non-acety.ated or non-pyruvy;aied xanthan gum even -n ;he 
presence of all substrates required for non-variant gum synthesis in hgn: of tne teacnmgs nerem these methods will 
enaote one skilled in the art to identify ceil iysates wmc'h prooLce other anerea polysaccharides 

•r. V vo Polysaccharide Synthesis 

The development of the cell-free synthesis process for tne polysaccharides described above demonstrated that 
varous Xanthomonas campestns cells have ail the enzymes necessary to synthesize acetyiated or non-acety'ated 
pc^ytetramer non-acetylateo and.-or non-oyruvylatea xanthan gum and fuily-acetyiated xanthan gum 

furthermore for whole cells to synthesize non-acetyiated xanthan gum a means of Dlockmg the acetyiation step 

20 curing xanthan gum synthesis would be required Additionally (or the whole cells to synthesize non-acetylated non- 
oyruvylated xanthan gum a means of blocking xanthan gum synthesis at both the acetyiation and oyruvylation steps 
would be required In one embodiment of the present invention mutagenesis was employed to alter some of the genes 
'esccnsible for these various reactions 

Transposons including out not limited to Tmo anc Tn9C3 can be used to mutagemzs Xanthomonas campestns 

2S These transposons in one embodiment confer resistance to tetracycline ana karamycin respectively Transposons 
nave the ability to insert themselves mtc genes wherein they cause mutations by interrupting the coding seauence 
The transposons can be introduced into Xanthomonas campestns on various vectors including on so-cailea suode 
vectors such as pRK2Ch3 Vector pRK20i 3 as described by Citta. G Corbm D and Hehnski D R m Proc Natl 
Acad Sci USA 77 7347-7351 { 1950) specifically incorporated herein oy reference has the ability to transfer itself 

so .ntonon-entenc bacteria, such as Xanthomonas campestns but cannot replicate m -hat host Thus if the suicide vector 
s ;ntroauced mtc a population of Xanthomonas campestns ceils and that population :s subsequently challenged with 
eimer tetracycline or kanamycm the individuals which survive are those n when cne of the transposons nas inserted 
;r.:o the genome of Xanthonomas campestr:s Survivors of sucr a :nai!enge can oe screened for -hose wnicn have 
lest the ability to make xanthan gum Such mutants may appear less mucoid than wild-type Xanthomonas campestns 

35 in other embodiments of the invention other means of mutagenesis can be employed to generate mutants which 

have lost the ability to make xanthan gum or that do not acetyiate anaor pyruvylate the gums they produce Such 
means will readily occur to one skilled in the art. and include without limitation irradiation recombinant DN A technology 
tin particular as described in United States Patent Application Serial No 542 944 of Capage et al entitled "Recom- 
bmant-DNA Mediated Production of Xanthan Gum " filed March 26. 1956 and incorporated specifically herein by ret- 

-to erence and in Example 1 below) and chemical mutagen treatment Examples of such mutagenesis procedures have 
been described by Miller J H m Experiments m Molecular Genetics r 1 972) Davis R W Bostem D and Roth J E 
Advanced Bacterial Genetics -(19S0) and Maniacs T Fftscn E F and Sambrook J m Motecuiar Cloning f 1 9=2) 
Co»d Spring Harbor 

Although mutants can first be chosen which appear less mucoid than wild-type organisms, those desired generally 
J 5 retain the ability to make some polysaccharide Cell-free extracts of each of the xanthan mutants can be prepared and 
tested as noted above by the addition of different combinations of substrates and analysis of the resultant products 

Alternatively appropriate mutants can be detected by assaying the culture broth of each mutant for the presence 
of the desired polysaccharide e g. xanthan gum which is non-acetylated. non-acetyiated and non-pyruvylated. low 
pyruvate or fully -acetyiated. Thus, mutants can be found which appear to be blocked at various positions of the xanthan 
so gum pathway A mutant of Xanthomonas campestns which produces non-acetylated xanthan gum (X1006) a mutant 
which produces non-pyruvylated gum (X921) a mutant which produces xanthan gum containing low levels of pyru- 
vylation {less than 5% of the terminal mannose X934) and a mutant which produces non-acetylated. non-pyruvylated 
xanthan gum ( Xl 231 (p4i KS22)) have each been placed on deposit at the American Type Culture Collection Rockville. 
Maryland, under Accession Nos 53472. 53473. 53474 and 67344. respectively 
55 1 1 i3 not beyond the scope of the invention to employ enzyme inhibitors of wild-type Acetylase and Ketalase to 

arrive at the same products Still other alternatives for producing this family of polysaccharides are contemplated, 
including enzymatic and chemical degradation of natural xanthan gum 

The mutants can be grown under conditions generally known m the art for growth of wild-type Xanthomonas camp- 
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estr»s exampfe '.~ey car« oe grown on suitaole assimuacle careen sources r^:n as glucose sucrose maitose 
s:.-ircn :nven sugar comp'ex caroonycrates sucn as mousses or :cm syruo v-*- : .5 organic acids and me i<Ke Mix- 
tures of caroon sources can also oe emoioyed The concentration of careen sou'ze suopned is often between :0 and 
50 grams oer liter A, so necessary fcr growth are an ass- liable source of orza~ : or inorganic nitrogen generally 

-* oetween aoout 0 1 ara i0 0 grams per titer and mmera»s the choice of wr.icr - * easily witnm the sk;il of :ne an 
Exanctes of suitable nitrogen sources are ammonium sails nitrate urea yeas: e*'/act oeotone or other hyoroiyzed 
srotemacecus mate r, als or mixtures thereof Examples of suitaoie minerals mc --e pnosDnorus sulfur potassium 
sodium iron magnesium these are often adaed with a chelating agent such as E2TA or cunc acid 

Optimal temperatures for growth of Xanthomonas campestns generally are cetween 1~ 3 C and 35 3 C preferaDiy 

'J cetween about 27 3 C and 30 3 C Xanthomonas campestns cells are grown aercccaily by supplying air or oxygen so 
that an adequate ievei of dissolved oxygen is mamtamec for example above acc-: i0°o of saturation Preferaoiy the 
.evei :s keot above acout 2Q c o The pH often is maintained at about 5 0 to 5 0 ca'erably at about 6 5 to 7 5 

The polysaccharides of (he present invention can be r ecovered from fermentation broths by a suitable means 
Precipitation with isopropanoi ethanoi or other suitable alcohol readily yeids polysaccnandes of this invention 
Generally alcohols are adced to a concentration of aoout 50 to 7S°o on the basis z- volume preferably in the presence 
of potassium chlor oe sodium chloride or other salt Alternatively the polymers ran be recovered from the croth by 
ultra-nitration 

Ncn-pyruvylateo xanthan gums are superior to xanthan as v»scosifiers of ac.?cus meaiums in particular applica- 
tions The viscosuy cf solutions of non-acetyiatea xanthan and non-pyruvytatec *ar.than are retained at concttions of 
nigh temperature ana or hign salinity The products of this invention are thus iceaiy suited for use m secondary and 
ternary oil recovery 

Mobility control solutions fcr use in enhanced oil recovery may also be oreca-ed from the variant polysaccharide 
polymers disclosed herein Solutions of tne polysaccharide polymers at cencem-a: ons of from aoout 50 to about 3000 
pom are appropriate f or such mobility control solutions Other Known adamves ~ay also be used in combination, with 
-'^ these solutions to' further ennance oil recovery Such add'tives include for exar-c»e surfactants alkaline agents or 
metal or organic crosslmkirg agents 

The ociysaccha r »de polymers like xanthan gum. can also be used as th»cke~ ng agents tn foods cosmetics me- 
dicinal formulations paper sizmgs drilling muds printing inks and the like arc: as a gelling agent In add-on they 
can be used to reduce fnctonal drag of Muid flow m pipes 

EXAMPLE 1 

This example sr.cws the methods of mutagenesis and screening employs - :c generate X campestns mutant 
strains havng defects m Acetyiase or Ketalase activity 

^ The genes encoding the enzymes of xanthan gum biosynthesis have beer s^own to comprise a set of custered 

genes on the X campestns chromosome This "gum gene cluster" has been -escribed in detail by Capage et al 
Segments of gum gene DNA have been cloned on plasmid vectors such as pMW79 as detailed in Capage et a] 

Regionally-directed mutagenesis was performed upon subcloned portions of the gum DNA carried in plasmid 
pMW79 These cloned DNA segments were mutaqemzed in vivo with transposes and in vitro , by using recombinant 

~o DNA technology to generate insertion deletion and substitution mutations wt~in the cloned X. campestns DNA In 
order to study the ohenotypes conferred by these mutations the olasmids ca-ymg the mutations were transferred 
back into X campestns and subsequently recombinants were identified in wncr re piasmid-borne mutated gene -nac 
been inserted in the chromosome via homologous recomc-nation The tetracyci ~e resistance encoded by Tn*C affords 
a convenient selective system for movement of mutations from a piasmid into :~e chromosome 

J 5 One such mutant strain (X1OO6) earned a TmO insertion that was found :c cause mactivation of the Acetyiase 

activity This mutant strain was characterized as described in Example 2 and 3 and found to produce a polysaccharide 
that was non-actyiated A second mutant strain was constructed by the in vitro insertion of a fragment of DNA containing 
the tetracycline resistance gene of TnlO into a restriction site within the gum gene cluster This mutant strain »X921 ) 
was found to be defective »n the Ketalase activity. As found by the methods of Examples 2 and 3. this mutant produced 

so xanthan that was non-pyruvylated 

A third mutant strain (X934) was also found that greatly reduces the ketalase activity. This mutant strain produces 
xanthan gum that has a very low level of pyruvylation. 1 -5°b of the level of pyruvylation found in normal xanthan 

The mutant strain X934 was found as described below In preliminary experiments designed to study recombination 
between plasmid-borne X campestns DNA and the X. campestns chromosome the plasmid pTX655 was used as a 

ss model system. This plasmid carries a TmO insert in the middle of a 2.3 kb X camcestns Pst l fragment cloned in plasmid 
RSF1010 This insertion of Tn 10 causes the Gum- defect m the mutant strain X655 as described by Capage et al and 
Vanderslice et al The experiment was to mobilize pTX655 with plasmid pRK20i 3 and transfer it from E coh into X. 
n campestns by selecting for transfer of the tetracycline resistance encoded by ~M0. The initial results of this mating 
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were anomalous ar.o suggested that Tn:0 die r. C ; exoress tefacycime resistance seemly m x caroestr s A-nen 
carr-e- :n :re c-Msma Gut that the c-'ug resistance was mere efficiently expressed .\nen TmO was carnec r the 
enror-cscme of X campestris This onencmenpn has aisc beer described for TnQ :n £ com There ii has beer, shewn 
thai sterns carrying one copy of Tn'O r.sened .n ;he enromosome are -es;s:ant to 5-gnrf.cantly higher concentrations 
of tet-acycime than are strains carrying *niQ on a multicopy ciasmid x he se?ec:«on Tet r X camcestns out of the 
aoove ^aung resulted m a high frequency 0 5 per recipient) of orogeny An.cn grew very poorly i e only smalt watery 
colonies, on tetracycline After proicngec -ncubaticn a large fraction of :r.e color ,es 25 V, producec sectors of more 
vigorously growing cells More than 50°o of these sectors appeared to ce G-m- >r mcronciogy These prcbacty result 
from recombination between the plasmia-borne ON A containing the TniO -nser.cn a^d the chromosomal wid tyoe 
DNA When the TnlO is recomomed into :necnrcmosome htgn-ievei Tet r is obtained arc the vigorously growing sector 
is observed When these Gum- Tet r sectors were oicked and restreakec cn tetracycme they grew well and displayed 
a charac:enstic Gum- morphology 

Gum- Tet r isolates were aiso characterized Some of these strains m particular X934) were found to contain the 
entire oiasmid pTX555 inserted into the enromosome of X campestris via homologous recomomatiCn The chromo- 
somal structure of the X934 strain was determined Dy Southern olot nybridizat«on c r the chromosomal ONA wnicn 
shows that the plasmid sequences exist n a cnromosomally integrated form 

EXAMPLE 2 



Tn.s example shows how the altered polysaccharides of the oresent invention can ce prepared »n vitro For instance 
it shows how non-acetylated and/or ncn-pyruvylated xanthan gum was prepared in v;ro 

Prepa r ation of Ly sates 

Xar.thcmonas campestris 81 459 S4-L or S-i-L mutants described sn Examples 1 and 5 were grown m YM lyeast- 
malt medium, suopiemented with 2°o -w-vi glucose as described by Jeanes A et at =r- j S Department of Agriculture 
ARS-\C-5i pp 14. : :975' ; scecifically incorporated herein by reference Cultures were grown to late log phase at 
30 3 C The cells were harvested by centnfugation and washed with cold Tns-HC: 70mM pH 5 2 with tOmM EOTA and 
were f reeze-thawed three times by a orocedure similar to Garcia RC etai descried m Eurooean Journal of Bio- 
chemistry 43 93-105 (1974) specifically incorporated herein oy reference This procedure ruptured the ceils as was 
evidenced oy the increased viscosity of :r. e suspensions anc ihe complete loss of :e-i viability one or ^O 6 survives- 
after tnis treatment The freeze-thawea -ysates were frozen m ahqucts at -=0 3 C c 'ote=n concentration was determined 
witn 3!C RAD assay (BIO RAD Laboratories P.cnmonc California, and was r'cur.c :z- oe 5 to 7 mg cell crotem per mi 
of lysate 

Biosynthetic Assay Procedure 



As described by lelpi. L. Couso. R O and Qankert. M A in FEBS Letters J_30 253-256 { 1 9Si > specifically incor- 
porated herein by reference, an aliquot of freeze-thawed lysate (equivalent to 300 to 400 ug protein) ONAase 1(10 
ug/mh and MgCI 2 (8 mM) were premcubated at 20°C for twenty minutes An equal volume of 70 mM Tns-HCl pH 5 2. 
with the desired radiolabeled sugar nucleotides 'UOP-glucose GDP-mannose and UDP-glucuronic acid) were added 
ano mcubated at 20*C Radiolabeled ohosphcenol pyruvate and acetyl coenzyme A were added when desired as 
descrxed m lelpi et ai supra , and leici L Couso RO and Danken MA -3.ee rem Bioohys Pes Comm ^02 
1 400-1 405 ( 1 98 1 ) and lelpi. L Couso R O . and Dankert. M A Biochem Intern 5 323-333 1 1 963 ) both of which are 
•specifically incorporated herein by reference At various times, the reactions were stopped by dilution with 4°C buffer 
The samples were centnfuged and the pellets were washed two times with buffer The supernatants were combined, 
earner xanthan (100 ug) was added, and the xanthan plus synthesized polymer were precipitated with ethanol i60°o)- 
KCK'O 8°'o) The precipitated polymer was resuspended in water and reprecipitated two more times to remove unincor- 
porated label Radioactivity incorporated into the precipitate (termed the gum fraction i was determined in a liquid scin- 
tillation counter and the data were processed to obtain incorporation in terms of picomoles of the radiolabeled compo- 
nents 

Cell fysates of X1006 did not incorporate carbon-14 acetate from ( 14 C| acetyl CoA into the gum fraction of the in 
Vltr0 system. Cell lysates of S4-L did produce in vitro gum radiolabeled with [ 14 C] acetate Similarly cell lysatesof X921 
did not incorporate [ 14 C] pyruvate into the gum fraction while S4-L cell lysates did incorporate radiolabeled pyruvate 
from phosphoenoL [ 14 C] pyruvate into the gum fraction of the in vitro system Thus X1006 was identified as a mutant 
strain with a defect in the gene for Acetyiase and X921 as a mutant strain with a defect »n the gene for Ketalase Lysates 
of these strains produced non-acetylated xanthan and non-pyuvylated xanthan. respectively, in vitro . 

it has also been shown that, by withholding substrates X campestris B1 459 S4-L lysates produce altered polysac- 
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wn*n7*V^-~ I*"""?™" ■■' * "*«t ™-*C*,*,l#: "C,.oyr,, yla: ,c xan.han g.m r , 
wnenfhe3naccr-c..sacetyl-_cAanc=r :5c - cero , Dy ._, <:i . €! Ae ^ cec . e!ea * — 

EXAMPLE 3 

Th,s exams* 3emons.ra.es the use =: re Ace.yiase-def.c.en. 3 ,, 3 .n xiOCc tc produce non-acety-ated gum n 

S n S h ° dem ° nS!ra,eS ;r ' £ * 2*2 P'«,^„cn C the -cn-oyruvy^ed gum (rem ,ne Keta.ase^.r ,1 

„rain X9i , arc xanthan gum with a reduced evel of pyruvyia.ion !rcm ;ne s.r=»,r xa"U 

3P ,J h ; h i r f i e r J,an - S,ra,nS aeSCnbea 5CCVe anc 3J " L " ere 3'°wn overn.gn. " orc.h w„n .wo percen. g, UC ose a- 
I;'" f "T-r r arVeS J ea DV rSmCV " 3 :eHS =V c « fl, "'-*aw ^ecipi.a.ing the gum from the supernatant 0 y 
iaZano x h °' ° 5 " P ° UM,um cWcnd * The -as recovered by cen.nfu' 

tTLaJlvZrTT prOCedUr9 ^ r9 ° eaiea The r **w™* 9™ was dialysed agams. water A samoie 
of each polysaccharide was add hyaroiyzed and analyzed by hp LC using a 3iO flAD KPX-57H column Xanthan 
components were auant.ta.ed by the ,n,ec: on of standards o< known concentrat-cn 

vinn«! .r L ° 5naly !' S °' me Pydro, V"- showea that X921 produced xanthan gum without pyruvate Strain 

ITot slTgum * n ° aCe:3!e 3lfa ' n X93J PfOCUCea 3 3um IPat :cn,a '^ c ^ va <* *» * i i. 

EXAMPLE 4 

. ,, IS eXamp,e _ aescr,bes me,nods 3nc strateg.es that could oe employed to construct mutants of X campestns that 
will produce xanthan that is botn non-ace:y fated and ncn-oyruvylated 

-eu,d U ' a A n ' S ' rain501 * cam P es:ris <e.aiase -X921 . or Ace.yiase ,XiOC6, activ.ty nave been described Cne 

n^S ro T 3 ! n ? t,CS 'e^™^'" 1 DN A ~ eI ™ ds « descnoed by vanaerst.ee e. al and Capage et a. to 

O rol« :' aS ,K T 3n ACe!y:a5S de ' eC ' ' r "° a Si ^ ie «™ of X camcestns-ThTs doub.e-m u ,an7s7ra.n 

would produce xanthan gum that was botn nor -acetyiated ar.o ncn-pyjvyiatea 

senbed 'TrlT-^T^ ' nSer: ' 0n mUi!:CnS ,m ° C ' 0neC 9Um ' ene DNA earned on plasmd vectors have been oe- 
Sn yoo, 3 7" ? COU ' d enV "' SOn ' JS ' n9 a PiaSmi ° carryina :he inse "' on ^ 3ave r.se to mutant 

,.ran X92 as i substrate for a second "una of mutagenesis m wo or in v.iro This second round of mutagenesis 
could employ any of a number of transpesade elements that would readny occur to one skilled ,n the ar, or any of an 
equa ly obvious -,mber of ONA restricts- fragments conta.nng selec.aoie makers A set of p.asmids carry.nc two 
,nser ,on S mutates could be used ,n the gene replacement teenmoue of Capage e. a, to transfer the p.asm.a-ocrne 
mutations m o :re .-ruomosome of X ca^cestns Pheno.yp.s of the -esultant st^s can oe analyzed by .he m v-vo 

l^^J eCr ' n ' aUeSdeSCnbedby ^ r ^^ ^nd Capage etal su£ra m Example 2. These analysed 

revea. ooubly mutan, strains that are blocked ,n both the Ke.aiase ana Ace.yiase activity These double mutant strains 
will produce xanthan that is simultaneously ncn-pyruvylated ana non-acetylateo 

EXAMPLE 5 

r*J!l « am P' e ^scos S es cloning the ace.yiase gene and the Ke.aiase gene cn.o vec.ors to ensure .hat the polysac- 
charides described nerem are fully ace.yatea fully oyruvyiated or both 

The £ campestns stains X"006 ana XS2' have mutations ,n .he genes for ace.yiase and Ke.aiase respectively 
nL/M ? ^ = ' am P leS 2 ana 3 Thess ™*™ seated emp.cy.ng tne methods descnoed in Example i i. ,s 
possible for one skilled ,n .he ar, to empicy methods described. m Bet.ach e. aj suera to recover native DNA restriction 
ragments con.ain.ng the Ace.yiase or Ke.aiase genes That ,s plasmds w„h DNA restr.ct.on fragments conta.n.ng 
he Acetylase or £etalase genes .nterrup.ed by a drug resistance marker can be used to probe lambda genomic libraries 
to obtain native DNA sequences for the Acetylase or Ke.aiase gene In another emoodiment. .he genes for the acetylase 
and ketalase enzymes have already been cloned onto the piasm.d pRK290-H336 as described by Capage et al 
lu£rg. and other piasm.ds descr.bed .herein ,s a simple mat.er for those skilled ,n the an to subclone the Ace^e 
and Ke.aiase genes themselves from these piasm.ds 

The native DNA sequences obtained by either method can then be .nsened on.o piasm.ds capable of replication 
in X^ campestns for instance pMW79. us.ng the methods revealed .n Be.lach et al and Capage e. al Express.on of 
the Acetylase andor Ketalase gene can be controlled by modify.ng the ex.s.mg DNA sequence or inleTtmg regulable 
promoters upstream from (he gene. Such iechniques are well known to .hose versed in molecular biology and genetics 
S.m.larly the plasm,ds onto which the genes are .nsened can be h.gh copy number plasm.ds As revealed in Capage 
k ^ K Xan b,os y nthetlc enzymes are present in low amounts in X. campestns Insertion of the plasmids de- 
scribed above into X. campestr.s . and growth of cultures under appropriate condrt.ons for expression of the plasm.d- 
borne genes, w.ll result ,n synthes.s of mucn greater numbers of the Acetylase andor Ketalase enzymes than the other 
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xar.^.^n ptosynthet.c enzymes Overexpression :; the Acetyiase specie cause ;re x^r.man pciysaccnarde :o oe fuHy 
^cetytatea • e -ill irtemai mannose residues ace-ytatec Similarly ov erexoress:cr z* the Ketaiase sncuia cause xan- 
than pciysacchance tc ce fully pyruvyiated on the termed! mannose 

u snouia oe ev«ce^! to one skilled m me art :ra: fun acetylat«cn ana full py-v/ eton of xanthan can ce acr.ceved 
by ;ne methods descried above 

EXAMPLE 5 ' 

This example demonstrates the economic arc tecnmcai advantages of a ncn-pyr jvylated poiysacchar.de produced 
by a genetically mealed Xanthomonas campestns for viscosifying water at nign temperatures 

Xanthan gum a natural product of Xanthomonas campestns is an effective vtscosifier of water for use in 'or 
example enhancec recovery of petroleum These viscosity applications frequently necessitate xanthan gum to be 
apolted at hign temperature and in saline brines Xanthan gums are effective visccsif:ers even at high temperature 'for 
example 75' to 10C 3 C- although their viscosity s substantially reduced over that at lower temperature -'or examcle 
25' to 5C°C) 

The inventors have discovered a new and ^cvel polysaccharide produced by a genetically modified strain of Xan- 
thomonas camcestns - strain X921 • that produced a viscosity at nigh temperature eaual to that of wild-type xanthan 
gum oroduced from the 34-L parent strain strain X237". This xanthan gum has the rormai pentamenc xanthan structure 
but because of the genetic modification contains no pyruvate moiety on tne lerminai mannose This novel polysac- 
charide has low viscosity at fermentation temperature near 30 3 C wmch wili result m substantial cost savings and 
processing conveniences The cost to produce pyruvyiated xanthan gum is high primarily because the polymer's high 
viscosity requires great energy input for agnatic^ aeration and cooling 

Figure 2 shows a viscosity comparison of :ne novel non -pyruvyiated xanthan gum to a wild-type xanthan gum 
produced by the unmodified parent The wild-tyce gum snows high viscosity at low temperature out the viscosity de- 
creases raptdly with increasing temperature The ncn-pyruvyiated gum on the other nana has tower viscosity at low 
temperature cut reta«ns a viscosity at high temperature essennaiiy equivalent to the wild-type xanthan gum The vis- 
cosities reported m Figure 2 were recorded at a snear rate of r s" 1 in a concentric rylmder viscometer on solutions of 
1000 ppm active polymer solids in 5000 ppm NaCl brine 

EXAMPLE 7 

This example demonstrates the advantages of a ncn -acetyiated xamr.an prcc-jced oy a genetically mcqinea Xan- 
thomonas campestns for use as a visosifyng agent for aqueous solutions 

Figure 3 compares the viscosities of chemically deacetylatea commercial xanthan and its parent compound with 
those of a non -acetyiated xanthan polysaccharide made from a genetically manipulated Xanthomonas campestns 
(strain X1006) and of the xanthan gum made from the wild-type X campestns parent (strain. X237) The viscosities 
were obtained at a shear rats of 3 s'' for 1000 ppm polymer concentration in 50 000 ppm NaCl brine Viscosities were 
measured over the temperature range of 25' to about 30°C 

Figure 3 demonstrates that chemical deacetyiation of xanthan results tn a loss of viscosifying power over the entire 
temperature range However, elimination of acetylation by genetic means results m substantially increased viscosity 
compared to the wiid-type xanthan gum Thus non-acetylated xanthan gum oroduced by a mutant strain of X camp- 
estns is an improved polysaccharide compared to the xanthan itself and compared to deactetyiated xanthan gum 
produced by cnemicai methods 

Example 8 

This example describes the methods used to construct a double mutuant strain of X campestns that produces 
non-acetylated non-pyruvylated xanthan. 

Capage et a] have described the cloning of a gene cluster from X campestns that contains genes that direct the 
biosynthesis of xanthan gum. They also described the isolation of chromosomal deletion mutations in X campestns 
that eliminate all or varying portions of this gene cluster One such deletion mutant, strain X1231 lacks all of the X. 
campestns DNA.that is carried on the recombinant plasmid pRK290-H336 Thus strain X1231 does not synthesize 
xanthan When pRK290-H336 is transferred into strain Xi23i the ability to synthesize xanthan is restored Capage 
et ai. also described methods of isolating and characterizing insertion mutations of transposon TnK 1 2 within the cloned 
gum gene DNA carried on pRK290-H336. Two such mutant plasmids are PRK290-H336 22 and pRK290-H336 41 
The approximate locations of the TnK 1 2 inserts on each of these plasmids is shown in Figure 4 When pRK290-H336 22 
is transferred into X1231 the resultant strain produces non-acetylated xanthan When pRK290-H336 41 is transferred 
into X1 231 . non-pyruvylated xanthan is produced These two plasmid mutants have been used to construct by means 
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zr. r. v^ro recombination a rouble mutar.'. o^sm.d that directs synthes.s ol rcr ~ ce ty!aieo ren -cyruvysaiea xanthan 
w*er cameo n ;re ceiehcr strain X* 23 1 

Tne ti vuro suaiegy for generating a ^on-acetyiated non-pyruvyiated ac-c e mutuant piasmid is as follows A 
nanar-yc:n -sensitive 'Kar^, derivative sf 0RK290-H336 4i was generated cy -erg a oartta. -.rain ciigest.cn of the 
ciasnmd !;gat;ng me digestion products at very sow ON A concentrations - to prrmc.e 'Pi.-anciec-iar ugafon) and then 
screening tetracycnne-resistant iTet'i t-ansiormants tor kanamycm sensitivity = asm.c ON As were then prepared from 
Tet f Kan s .sctaies and analyzed by restriction enacnuciease digestion ana aca-cse gei e»ectrccnores;s There are 
omy three Hindi II sites m pPK2Q0-H336 4* and two of these occur within Tr.<:2 and racket me Kan gene Thus a 
hign propomon of the Deletions generatec m the partial digestion were deletec 'or :ne Kan gene -whereas the rest of 
tne piasmid was retained intact The Kan* piasm.d still carries an insertion . * *c :n :he ketaiase gene and thus was 
expected to yield non-pyruvyiated gum This piasmid is termed parKS The rext steo was to done the large Spei 
fragment of the non-acetyiated mutant piasmia pRK290-H336 22 into p4iK5 As shown m F:gure 4 eacn ptasmid 
contains three See l sues at positions 75c 771 and 11 715 within the ON A secuence of Cacage et aj The 10 9 kb 
Spei fragment carries the Tnki2 insertion of pRK290-H336 22 The small si 3 sc. Scei fragment :«es entirely within a 
IRNA gene which which is nonessential for X camnestns growth and xanthar ^reduction Thus deletion of this small 
Spei segment m the process of the doubie mutant construction ougnt not tc affect xanthan ciosynthesis Plasmids 
p4l K3 and pRK290-H336 22 were punned and digested to completion with See : anc a ligation was performed In this 
ligation p4lKS.Spei was hgated in iGx molar excess with H336 22 Spei T--.s wnen recorx-mants containing the 
Kan r Spei fragment of H336 22 were selected they shouid most often be asscoatec with tne Scei vector fragment of 
p4l KS We performed transformations with these ligations and obtained Kan' trarsformants The piasmids earned by 
these transformants were analyzed to identify the recombinants of interest The desired recomomant piasmid was 
readily identified among the Kan r transformants This recombinant piasmid termed p4iKS22 contains the p4iK5- 
denved insertion in the ketaiase gene and the H336 22-denved TnK 1 2 insertion within tne acety ;ase gene Appropriate 
restriction digestion analysis confirmed the presence of ooth insertion mutat ors and furthermore snowed that the 
Spei fragment containing the TnK 12 mutation had been inserted m the correct orientation 

Piasmia p4i KS22 was subsequently transferred into a series of X camcestns strains via conjugation The large 
Gum* deletion strain X1231 was among the recipients This deletion lacKsaiic' r e gum gene DNA earned on p4iK322 
therefore Xi23i carrying p4i KS22 should produce non-acetyiated non-pyruvyated xanthan T n e piasmid transferred 
efficiently into X^ 23i and the resultant phenotype was clearly muco»d but sign -?.cant!y less so than a wild-type control 
Polysaccharide produced by X1231 carrying p4i KS22 was prepared and analyzed This poiymer contained glucose 
mannose and glucuronic acid but no detectable acetate or pyruvate demon st/aung that X 122* p4i K 322) does pro- 
duce the expected non-acetyiated non-pyruvyiated gum 

Example 9 

This example describes the construction and properties of a double mutant oiasmid that combines an Acetylase 
mutation and a Transferase IV mutation 

Capage et al described methods for isolating and characterizing transposes TnKi 2 msetions within the cloned 
gum gene DNA carried by piasmid pRK290-H336 One mutant piasmid carrying such an insertion is pRK290-H336 6 
The approximate location of the TnKi 2 insertion m this piasmid is shown in Figure 4 When present in the deletion 
sfam XI 231 this piasmid directs the synthesis of polytnmer gum as a result of tr e -nsertional mactivation of Transferase 
IV Using procedures analogous to those oesenced in Example c a double mutant oiasmid was constructed that com- 
bines this Transferase IV defect with tne Acetylase mutation earned m pRK290-H336 22 A ka-amycm-sensitive de- 
rivative of pRK290-H336 6 was dervied by deletion of the Hindi 1 1 fragment of TnKi 2 This piasm.d p6K3 is analogous 
to the Kan s piasmid p4l KS and still retains i kb of TnK 1 2 inserted within the Transferase IV gene Subsequently the 
large TnKi 2 -containing Spei fragment of pRK290-H336 22 was ligated into Spel -digested p6KS piasmid ONA as de- 
scribed in Example 5 and the double mutant piasmid p6KS22 was obtained This piasmid carries insertion mutations 
in Transferase IV and the Acetylase When transferred into deletion strain X1231 it ought to direct the synthesis on 
non -acety lated polytnmer. However in several independent piasmid transfer experiments, no transfer of p6KS22 into 
strain XI 231 was detected, although the piasmid was successfully transferred at high frequency into other recipients 
including both Gum* and Gum- strains This result suggests that the presence of p6KS22 in strain X1231 is lethal, 
probably as a direct result of production of non-acetyiated polytnmer gum. Capage etal. described three other lethal 
mutations within the gum gene cluster and concluded that these lethal mutations cause the accumulation of a toxic 
intermediate in xanthan biosynthesis Accumulation of non-acetyiated polytnmer could potentially be toxic if this 
polysaccharide cannot be secreted by the transpon system that normally secretes xanthan 

It is to be understood that application of the teachings of the present invention to a specific microorganism will be 
within capabilities of one having ordinary skill in the an in light of the teachings contained herein 

It will be apparent to those skilled in the an that various modifications ana variations can be made in the processes 
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-.**- o'cc-c'.s zi tr.e ore sent invention Tnos a ;s mtenaec :ne G'ese~: -rvr-i.Gr. ;cver the modifications arc v -.<-- 
-.' c r 5 o! :h'S 'n^e r :.cn provided they come wanm ire sccce " : :ne acc~~oec ; S'.rrs 



Claims 

1. A ^ater-soiuoie polysaccharide ociymer comonsing receatmg centame r jr.;s raving a D-glucose D-manr.cse C- 
g-ucurcnic ac:o ratio of about 2 2 1 wherem tr.e O-gluccse mc»et.es a r e linked m beta-[i 4| configuration inner D- 
^annose moieties are linked tn an alpha-[ 1 3] configurai cn onmaniy :c aite-mate glucose moieties the G-giucuron- 
c ac=d moieties are linked m a beta-[ 1 2| configuration tc said inner rr anncse mciettes and outer manncse motet.es 
are imkea to said glucuronic aod mciettes in a beta-t - 4! configure*. en wnerem said polysaccharice cctymer .s 
acetyiatea anc not pyruvyiated 

2. A process for orepanng a water-soiuoie pciysacchance coiymer :crcns:r: receating pentamer units navmg a 2- 
glucose D-mannose D-giucurcnic acid ratio or about 2 2 ■ wherem the D-g'uccse moieties are imked m oeta-[i 4| 
configuration inner D-mannose moieties are linked in an aipha-(i 3: ccrr : gurat»on primarily to alternate glucose 
~^c>eties the Q-glucuronic acid moieties are linked m a ceta-fi 2j configuration to said ;nner mannose moieties 
ana outer mannose moieties are iinKed to saia giucurcnc acid mcieues m a oetafi 4] configuration wnerem sa c 
cciysaccnance polymer is acetylatec and not oyruvyiatec said process ccmcnsing 

i a» obtaining a ketalase deficient mutant of Xanthcmonas anc 

!b> culturing said Xanthomonas under conditions Sufficient to p'oauce sa<d ooiysacchande polymer 

3. ~he process of claim 2 wherein said Xanthomonas :s Xanthomonas campestns 

4. Tne process of claim 3 wherem said Xanthomonas campestns is Xr2i raving accession number ATCC 53472 

5. A mutant Xanthomonas capable of oroducmg tne polysaccharide caymer as defined in claim 1 

6. Tne mutant Xanthomonas of ciaim 5 wherein said Xanthomonas is a ketalase deficient mutant of Xanthomcras 

7. 'r.e mutant Xanthomanas of ciatm 5 wherem saic Xanthomonas s Xa^r.rcmonas campestns 

8. T he mutant Xanthomonas of claim 7 wherem said Xanthomonas is Xanrromcnas campestns X92i navmg acces- 
sion number ATCC 53472 

9. A water-soluble polysaccharide polymer comprising repeatmg.pentamer units having a D-glucose D-mannose D- 
glucuronic acid ratio of about 2 2 1 . wherein the D-glucose moieties are linked in beta-[1 4) configuration inner D- 
mannose moieties are linked in an alpha-[ 1 3) configuration primarily to alternate glucose moieties, the D -glucuron- 
ic acid moieties are linked m a beta-( 1 2] configuration to said inner mannose moieties and outer mannose moieties 
are linked tc said glucuronic acid moieties in a beta-ji 4) configuration wherem said polysaccharide polymer is 
acetylatec and has a level of pyruvysation less than native xamhar 

10. The water-soluble polysaccharide polymer of ciaim 5 wherein 1 -5°o of said outer mannose moieties of said 
polysaccharide are pyruvyiated 

11. A process for preparing a water-soluble polysaccharide polymer comprising repeating pentamer units having a D- 
glucose D-mannose D-glucuronic acid ratio of about 2 2 i wherem the D-glucose moieties are linked m beta-[i 4| 
configuration, inner D-mannose moieties are inked in an aipha-(i 3] configuration primarily to alternate glucose 
moieties the D-glucurontc acid moieties are linked in a beta-[1 2] configuration to said inner mannose moieties 
and outer mannose moieties are linked to said glucuronic acid moieties in a beta(t 4] configuration wnerem said 
oolysacchande polymer is acetylated and has a reduced level of pyruvytation said process comprising 

ta) obtaining a mutant of Xanthomonas having reauced ketalase activity and 

lb) culturing said Xanthomonas under conditions sufficient to produce said polysaccharide poiymer 

12. The process of claim 11 wherein said Xanthomonas is Xanthomonas campestns 
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13. The process '2 *re'c-ir ^ X^r^c-j-^s ^^esr/.s .s X?34-^vr.; ~c;ess;cn ^r.co; AfCC 53-7 

14. A muiant Xar;nz~cr l(n s c^pac'e zi coaucmo coty saccr-ar-ce coiy~er as 3e f ^eC .n claims 9 or * 0 

15. The -nutani Xan-zmcras of ^ where.'- sa-a Yj^hc^c^s s a -eoucec-Keialase-ac-iviiy-rnuani of X* 
ihcrr.cnas 

16. The mutant Xar;-crr.cr.as of claim 1 5 where:.- saic Xar?<ftomcras is Xarthcmcras campestns 

17. Tne mutant Xar:~c mcnas of ciaim "-5 where-r said Xan:hcmonas s Xamhcmcras campesms X934 having ^ 
cesstcn numoe^ A'CC 53-i74 
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mannose normally found on xanthan gum (Figure 4). A double 
mutant plasmid, pKBm2delCla, was constructed which contains 
an insertion mutation within gene gum I and the Cla l deletion 
mutation within gene oum F (see Figure 5). The double mutant 
plasmid pKBm2delCla was transferred into the X. campestris 
deletion strain X1106 which contains only gum genes B and C 
in its chromosome- Genes B and C are provided by the 
chromosome since the mutant plasmid, derived from pRK290-HA3, 
does not carry B or C but contains all the remaining gum 
genes, D through M. The resulting strain, X1106 (pKBm2delCla ) 
or X1419, was analyzed for polymer composition twice. Both 
analyses failed to detect acetate in the polymer. This 
result shows that Acetylase II cannot acetylate the internal 
mannose of the polytetramer to any significant degree. In 
this mutant strain, Acetylase II is active because gene oumG 
is not mutated and the gene gumF mutation is the non-polar 
Cla l deletion which has been shown above not to affect the 
expression of gene crumG . 

This example describes the repeating units that 
comprise the polysaccharide family that can be produced by 
genetic control of acetylation and pyruvylation of the 
pentasaccharide repeating unit of xanthan gum. The 
structures of these repeating units are shown in schematic 
form in Figure 6. 

(a) Wild-type (X1396); Acetylase I*, Acetylase 
II*, Ketalase **". 

Normal xanthan is extensively acetylated at the inner 
mannose residue and is frequently pyruvylated on the outer 
mannose residue. Contrary to general belief, a significant 
percentage (10-20) of the outer mannose residues of normal 
xanthan are acetylated. Thus, normal xanthan repeating units 
are heterogeneous with respect to modifications of the outer 
mannose, containing either pyruvate cr acetate. 
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(b) L~(X1397); Acetylase I*, Acetylase II*, 
Ketalase~ . 

This polymer contains no pyruvate and as a result is 
extensively acetylated at the outer mannose residue- The 
inner mannose residue is highly acetylated as in wild type. 

(c) G~ (X1398); Acetylase I + , Acetylase II*", 
Ketalase* . 

This polymer is heavily acetylated on the inner 
mannose as in wild type, and the outer mannose is pyruvylated 
in the wild-type fashion. However, there is no acetylation 
of the outer mannose. 

(d) G~, IT (X1399); Acetylase I*, Acetylase 
II~, Ketalase". 

This polymer has the high level wild-type acetylation 
of the inner mannose, but the outer mannose is unmodified. 

(e) F~ (X1400); Acetylase I*, Acetylase II + , 
Ketalase* . 

The inner mannose of this polymer is unmodified, 
while the outer mannose is modified as in wild-type. That 
is, the outer mannose in generally pyruvylated, but a 
significant fraction of the outer mannose residues are 
acetylated instead. 

(f) F~, L" (X1401); Acetylase I~, Acetylase 
II*, Ketalase". 

This polymer contains an unmodified inner mannose. The 
outer mannose is not pyruvylated but is heavily acetylated. 

(g) F~, G" (X1402); Acetylase I~, Acetylase 
II - , Ketalase*. 

This polymer is not acetylated at either the inner or 
outer mannose residues. Pyruvylation of the outer mannose 
occurs normally as in wild-type. 

(h) F~, G~, L* (X1403); Acetylase I - , 
Acetylase II - , Ketalase 
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This polymer contains no acetate or pyruvate. Neither the 

inner nor the outer mannose residues are modified. 

1 EXAMPLE 5 

This example describes the construction of a chromosomal 
deletion mutation defective in bcth acetylase genes gum F and 
oumG . 

The variant xanthans described in Example 4 are produced 
by mutant strains of 2L. campestris in which the gum gene 
cluster has been deleted from the chromosome and is present 
in the cell on a recombinant plasmid. In some instances it 
might be desirable to have the gum gene cluster located in 
the campestris chromosome as this would eliminate the need 
for plasmid maintenance, and thus should improve strain 
stability. A chromosomal deletion mutation defective in 
genes gumF and gumG , which encode Acetylase I and II , 
respectively, was constructed as described below. This 
mutant produces non-acetylated xanthan gum. 

Figure 7a shows a map of a 4.3 Kb Bglll fragment of the 
gum gene cluster that contains the gumF and gumG genes. This 
Baill fragment is cloned into the Bgl ll site of the plasmid 
vector pSl to generate a recombinant plasmid termed pSIBgl. 
The pSl vector is a derivative of pRK290 in which the origin 
of vegetative, but not conjugal, DNA replication is replaced 
by the replication origin of pBR322. The pSl replication 
origin does not function in X. campestris . Therefore, pSl 
and its derivatives, such as pSIBgl are •suicide" plasmids, 
i * they can be conjugally transferred into campestris 
but cannot replicate in campestris . 

The three Clal sites shown in Figure 7a were used in 
construction of the deletion mutation. Deletion of the Cla l 
fragment internal to the gum F gene was accomplished as 
described in Example 1 (by digesting pSIBgl with Cla l and 
religating at low DNA concentration) to produce pSIBglACIa 
shown in Figure 2b. In those experiments digestion at the 
third Cla l site within gene gumG was not observed, although 
the DNA sequence at this site is the Cla l recognition site, 
ATCGAT. 
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. However, digestion by Clal is known to be sensitive to 
methylation of the first adenine (A) residue of the 
recognition sequence. If that residue is methylated, the 
enzyme will not cleave the sequence. In coli , the 
sequence GATC is a substrate for the dam methylase which 
methylates the A residue of this tetranucleotide sequence. 
The Cla l recognition site in gene oumG is preceded by a G 
residue. Thus, in that sequence, GATCGAT, the underlined A 
is methylated because it occurs within the GATC 
tetranucleotide sequence; and therefore, the £lfil site is 
refractory to Cla l digestion. 

In order to digest the Cla l site within gene gumG, it was 
necessary to produce unmethylated DNA by propagating 
pSlBglaCla in an coli dam strain which is defective for 
the relevant methylase activity. When unmethylated 
pSlBglaCla DNA was prepared, digestion at the gene siimG Clal 
was readily observed. Using this plasmid DNA as a substrate, 
the second Cla l fragment was deleted by digesting pSlBglaCla 
with Cla l and religating at low DNA concentration to produce 
P SlBglaCla2 which is shown in Figure 7c. The resultant 
deletion of both £J£L fragments creates an in-frame fusion of 
the proximal portion of the aumF gene with the distal portion 
of the oumG gene. Therefore, transcription and translation 
through this region, and of distally located genes H through 
M (Figure 1), should proceed normally. 

• The plasmid P SlBglaCla2 including the deletion mutation 
was transferred into the L campestris chromosome via gene 
replacement. This two-step recombination procedure is 
diagrammed in a general fashion in Figure 8. In general, in 
the first step, homologous recombination between the plasmxd 
and the chromosome results in integration of the whole 
plasmid into the chromosome. This event is selected by 
selection for maintenance of an antibiotic resistance marker 
carried within the vector portion of the plasmid. In the 
second step, a subsequent recombination results in loss of 
the plasmid and retention of the constructed deletion 
mutation. This event is detected by the screening for loss 
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of the antibiotic-resistance determinant and Southern blot 
hybridization analysis of chromosomal DNA structure. 

In the present example, pSlBglaCla2 was conjugally 
transferred into wild type X^. camoestris strain X77 by 
standard triparental matings and tetracycline-resistant 
transconjugants were selected. These tetracycline-resistant 
colonies were either light or dark yellow in appearance. DNA 
was prepared from four of each (light and dark type), 
digested with BamHI (pSlBgl^Cla2 contains no BamHI sites), 
separated by agarose gel electrophoresis and Southern blot 
hybridization was performed. Probing with labeled gum gene 
cluster DNA showed a wild type pattern in DNA from the light 
yellow isolates. The hybridization pattern for DNAs from the 
dark yellow isolates indicated that, in these isolates, 
pSlBglACla2 had recombined into the chromosome. 

Two of the bonafide pSlBglaCla2 insertion isolates were 
then grown in the absence of tetracycline to screen for the 
subsequent recombination in the second step of the gene 
replacement process. in these experiments, liquid cultures 
are grown to saturation in the absence of tetracycline, 
diluted 1:50 in fresh growth medium, and again grown to 
saturation. In several experiments of this type, the number 
of subculturing steps varied from 2 to 6 . 

Following the liquid subculturing steps, the cells were 
diluted and plated, in the absence of tetracycline, to yield 
isolated colonies. These colonies were tested for 
tetracyclineresistance. In different experiments, the 
frequency of tetracycline-sensitive colonies varied widely, 
from ".5% to >50%. The frequency of tetracycline-sensitive 
isolates increased with the number of generations of growth 
(i.e. subculture steps) in the absence of tetracycline. 

Individual tetracycline-sensitive isolates were grown and 
their chromosomal DNAs analyzed by Southern blot 
hybridization to identify those isolates which contained the 
deletion mutation in the chromosome and had lost the plasmid 
sequences as a result of homologous recombination. One such 
isolate, termed X1910, was characterized for polysaccharide 
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polymer production in vivo by the procedures detailed in 
Example 2. 

The composition of the polysaccharide polymer produced by 
X1910 was found to be indistinguishable from wild type 
xanthan with respect to glucose, mannose, glucuronic acid and 
pyruvate; whereas, in contrast, no acetate was detected in 
the gum made by X1910. Thus this mutant produces 
non-acetylated xanthan having a composition equivalent to 
that produced by X1402 (Example 4), but does so as a result 
of the chromosomal deletion mutation. No recombinant plasmid 
or any foreign DNA is present in this strain. 

The general approach and strategy described above could 
readily be applied to create analogous chromosomal deletion 
mutants that would produce any of the variant xanthans 
described in this application or in Vanderslice and Shannon 
U.S. Patent No. 4,713,449. 

EXAMPLE § 

This example shows the methods of mutagenesis and 
screening employed to generate X^ campestris mutant strains 
having defects in Acetylase or Ketalase activity. 

The genes encoding the enzymes of xanthan gum biosynthesis 
have been shown to comprise a set of clustered genes on the 
JL. campestri,3 chromosome. This "gum gene cluster" has been 
described in detail by Capage et al . Segments of gum gene 
DNA have been cloned on plasmid vectors such as pMW79 as 
detailed in Capage et al . 

Regionally-directed mutagenesis was performed upon 
subcloned portions of the gum DNA carried in plasmid pMW79. 
These cloned DNA segments were mutagenized in vivo with 
transposons and in vitro, by using recombinant DNA technology 
to generate insertion, deletion, and substitution mutations 
within the cloned X^ campestris DNA. In order to study the 
phenotypes conferred by these mutations, the plasmids 
carrying the mutations were transferred back into X. 
campestris and subsequently recombinants were identified in 
which the plasmid-borne, mutated gene had been inserted in 
the chromosome via homologous recombination. The 
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tetracycline resistance encoded ty TnlO affords a convenient 
selective system for movement of mutations from a plasmid 
into the chromosome. 

One such mutant strain (X1006) carried a TnlO insertion 
that was found to cause inactivation of the Acetylase 
activity. This mutant strain was characterized as described 
in Examples 7 and 8, and found to produce a polysaccharide 
that was non-acetylated . A second mutant strain was 
constructed by the in vitro insertion of a fragment of DNA 
containing the tetracycline resistance gene of TnlO into a 
restriction site within the gum gene cluster. This mutant 
strain (X921) was found to be defective in the Ketalase 
activity. As found by the methods of Examples 7 and 8, this 
mutant produced xanthan that was non-pyruvylated . 

A third mutant strain (X934) was also found that greatly 
reduces the ketalase activity. This mutant strain produces 
xanthan gum that has a very low level of pyruvylation: 1-5% 
of the level of pyruvylation found in normal xanthan. 

The mutant strain X934 was found as described below. In 
preliminary experiments designed to study recombination 
between plasmid-borne X± campestris DNA and the X^_ campestris 
£s_£I fragment cloned in plasmid RSF1010. This insertion of 
TnlO causes the Gum- defect in the mutant strain X655 as 
described by Capage e£ al . and Vanderslice at ai. The 
experiment was to mobilize PTX655 with plasmid pRK2013 and 
transfer it from E_^ coli into X_j. campestri s by selecting for 
transfer of the tetracycline resistance encoded by TnlO. The 
initial results of this mating were anomalous and suggested 
that TnlO did not express tetracycline resistance efficiently 
in X. campestris when carried on the plasmid, but that the 
drug resistance was more efficiently expressed when TnlO was 
carried in the chromosome of 2L_ campestris . This phenomenon 
has also been described for TnlO in E_j. coli . There, it has 
been shown that strains carrying one copy of TnlO inserted in 
the chromosome are resistant to significantly higher 
concentrations of tetracycline than are strains carrying TnlO 
on a multicopy plasmid. The selection of Tet r 2L. campestris 
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out of the above mating resulted in a high frequency (0.5 per 
recipient) of progeny which grew very poorly (i.e., only 
small, watery colonies) on tetracycline. After prolonged 
incubation, a large fraction of the colonies (25%) produced 
sectors of more vigorously growing cells. More than 50% of 
these sectors appeared to be Gum- in morphology. These 
probably result from recombination between the plasmid-borne 
DNA containing the TnlO insertion and the chromosomal wild 
type DNA. When the TnlO is recombined into the chromosomal, 
high-level Tet r is obtained and the vigorously growing sector 
is observed. When these Gum-, Tet r sectors were picked and 
restreaked on tetracycline, they grew well and displayed a 
characteristic Gum- morphology. 

Gum+, Tet r isolates were also characterized. Some of 
these strains (in particular X934 ) were found to contain the 
entire plasmid pTX655 inserted into the chromosome of X. 
campestrls via homologous recombination. The chromosomal 
structure of the X934 strain was determined by Southern blot 
hybridization of the chromosomal DNA which shows that the 
plasmid sequences exist in a chromosomally integrated form. 

EXAMPLE 7 

This example shows how the altered polysaccharides of the 
present invention can be prepared jji vitro . For instance, it 
shows how non-acetylated and/or non-pyruvylated xanthan gum 
was prepared ia vitro . 

Preparation of Lvaataa 

Xanthomonaa campestris B1459 S4-L or S4-L mutants 
described in Examples 6 and 10 were grown in YM (yeast-malt 
medium) supplemented with 2% (w/v) glucose as described by 
Jeanes, A. et al . in U.S. Department of Agriculture, ARS-NC- 
51 , pp. 14 (1976), specifically incorporated hereby by 
reference. Cultures were grown to late log phase at 30°C. 
The cells were harvested by centrif ugation and washed with 
cold Tris-HCl, 7 0mM, pH 8.2 with lOmM EDTA and were freeze- 
thawed three times by a procedure similar to Garcia, R.C. et. 
al . described in European Journal of Biochemistry 43:93-105 
(1974), specifically incorporated hereby by reference. This 
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rate of 8 s" 1 in a concentric cylinder viscometer on 
solutions of 1000 ppm active polymer solids in 5000 ppm NaCl 
brine. 

EXAMPLE 13 

This example demonstrates the advantages of a 
non-acetylated xanthan produced by a genetically modified 
Xanthomonas camoestris 

for use as a viscosifying agent for aqueous solutions. 

Figure 10 compares the viscosities of chemically 
deacetylated commercial xanthan and its parent compound with 
those of a non-acetylated xanthan polysaccharide made from a 
genetically manipulated Xanthomonas camoestris (strain X1006) 
and of the xanthan gum made from the wild-type X^ camoestris 
parent (strain X237). The viscosities were obtained at a 
shear rate of 8 s" 1 for 1000 ppm polymer concentration in 
50,000 ppm NaCl brine. Viscosities were measured over the 
temperature range of 25° to about 80 °C. 

Figure 10 demonstrates that chemical deacetylation of 
xanthan results in a loss of viscosifying power over the 
entire temperature range. However, elimination of 
acetylation by genetic means results in substantially 
increased viscosity compared to the wild-type xanthan gum. 
Thus, non-acetylated xanthan gum produced by a mutant strain 
of campestr^s is an improved polysaccharide compared to 
the xanthan itself and compared to deactetylated xanthan gum 
produced by chemical methods. 

EXAMPLE 14 

This example describes the methods used to construct a 
double mutant strain of X^. camoestris that produces non- 
acetylated, non-pyruvylated xanthan. 

Capage et a_l. have described the cloning of a gene cluster 
from X_t. camoestris that contains genes that direct the 
biosynthesis of xanthan gum. They also described the 
isolation of chromosomal deletion mutations in X. campestris 
that eliminate all or varying portions of this gene cluster. 
One such deletion mutant, strain X1231, lacks all of the X . 
campestris DNA that is carried on the recombinant plasmid 
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